crosslinking within the network and (ii) by its coupling strength to the lipid-protein bilayer.
Moreover it can be actively deformed by motor proteins.
In the present work we report the reconstitution of thin actin shells in giant vesicles by selfassembly during polymerization of monomeric actin through (ion-carrier mediated) Mg 2+ -influx into spherical vesicles. The actin cortex is visualized by microfluorescence using laser scanning confocal microscopy (LSCM). Buckling-like shape changes [4] are observed by phase contrast microscopy (PCM) after thermal expansion of the bilayer excess area.
Giant vesicles were prepared by swelling in an electric field [5, 6] of thin lipid layers (DMPC [7] and 5 mole % of the ion carrier A23187 [8] ) deposited onto ITO glass electrodes [9] in the presence of monomeric actin (G-actin) [10] and in non-polymerizing buffer (G x -buffer [11] ). For the LSCM experiments, vesicles were swollen in G x -buffer containing 63 mOsm glucose and 4 µM rhodaminyl phalloidin [12] . The vesicles were diluted into G x -buffer containing isoosmolar sucrose in order to reduce the extravesicular G-actin below the critical concentration of polymerization [10] . Polymerization of the actin inside the vesicles was then started by addition of 2 mM of Mg 2+ . For some experiments the actin outside the vesicles was inactivated by adding isomolar DNase I [8] . During polymerization the vesicles were kept spherical by temperature controlled adjustment of the area-to-volume ratio. For observation the vesicles were transferred into a temperature controlled observation chamber in which they could be observed either by PCM (Zeiss Axiomat 10) or by LSCM (Axiovert 100 TV, Zeiss, Oberkochen, Germany and Noran Odyssey XL, Noran, Middleton, WI, USA). For LSCM an objective plan apochromat 63x/1.4 oil and for PCM an objective plan-neofluar 40x/0.75 (both Zeiss, Oberkochen, Germany) were used.
The slit width for LSCM was 15 µm. Image processing for PCM occured with the setup described in [13] and the NIH image program [14] with the modification VETRAL [15] . All other computations were done with the computer program IGOR [16] . The protrusions may be partially stabilized by growing in of polymerized actin due to long time changes of the filament lengths.
About 10 % of the vesicles (such as that of Fig. 2 ) exhibit strong enough flickering in the quasispherical shape to be analysed by flicker spectroscopy [6] . Judged from previous studies [6] this is most likely due to the lateral tension generated by microbud formation. The flickering of the majority of the vesicles is, however, large enough to measure the mean square amplitudes according to [6, 17, 18] 
where P l q cos π . µm for σ = 3 . 10 -7 Jm -2 (cf. Fig. 3a) , in good agreement with the above value obtained by flicker analysis.
The self-assembly of a thin actin shell in giant vesicles exhibiting diameters comparable to the persistence length of the filaments is a consequence of the semiflexible nature of actin. Even if the actin is polymerized in large deflated vesicles they form quasi spherical shells while the excess bilayer area is transformed into buds which eventually detach (images not shown). We do not find tube like shapes unless the vesicles are small ( R < 0 1 . µm). Such shapes have been found for large vesicles if the polymerization was performed with very high actin concentrations and completely different polymerization conditions [24] . Recent studies by cryo electron microscopy (EM) and reconstruction of the actin-bilayer shells by EM-tomography [25] show that elongated vesicles are favoured with small radii R ≈ 0 1 . µm.
The behaviour of the semiflexible actin in giant vesicles is strikingly different from that of microtubuli which form long protrusion if excess area is provided but which form also rings if the vesicle is under high tension [26] .
The selfassembly of actin cortices in giant vesicles is a first step towards the design of more realistic models of cell plasma membranes. The composite shells exhibit shape changes such as buckling and (multiple) blister formation which are not found for pure lipid vesicles [27] 
